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This  document  provides  an  overview  of  the  ABLE  system,  its  mission,  key  com¬ 
ponents  and  an  intended  operational  philosophy.  The  intent  of  this  description 
is  to  enable  the  reader  to  gain  a  top  level  understanding  of  what  ABLE  is  and 
how  it  may  be  used.  The  Advanced  Building  block  for  Large  Area  Exploitation 
(ABLE-1)  is  the  integration  of  modern  state-of-the-art  digital  radar  exploi¬ 
tation  concepts  into  a  single  system.  ABLE  demonstrates  the  increased  throughpu 
and  responsiveness  which  digital  technology  allows  and  provides  a  number  of 
previously  unreal ized  operational  advantages.  These  include  -(see  reverse) 
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Continuation  of  20  Abstract 


the  ability  to  support  near-continuous  surveillance  of  the  battlefield,  to 
respond  to  tasking  changes  in  the  near  real-time,  to  utilize  multiple  intelligence 
sources  to  direct  exploitation  and  to  rapidly  exploit  and  report  targets. 
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1.0 


INTRODUCTION 


The  Advanced  Building  block  tor  Large  area  Exploitation  (ABLE-1) 
(Figure  1-1)  is  the  integration  of  modern  state-of-the-art  digital  radar 
exploitation  concepts  into  a  single  system.  ABLE  demonstrates  tne  increased 
throughput  and  responsiveness  which  digital  technology  allows  and  provides  a 
number  of  previously  unrealized  operational  advantages.  Tnese  include  the 
ability  to  support  near -continuous  survei-iar.ee  of  the  battlefield,  to 
respond  to  tasking  changes  in  the  near-real  time,  to  utilize  multiple 
intelligence  sources  to  direct  exploitation  and  to  rapidly  exploit  and 
report  targets. 

This  document  provides  an  overview  of  the  ABLE  system,  its  mission, 
key  components  and  an  intended  operational  pnilosophy.  Tne  intent  of  tnis 
description  is  to  enable  the  reader  to  gam  a  top  level  understanding  of 
what  ABLE  is  and  how  it  may  be  used. 


Figure  1-1  Major  Functional  Components  of  the  ABLE  System 


2.0 


MISSION 


2.1  Concept  and  Evolution 

The  mission  of  tne  ABLE  system  is  to  validate  developmental  hardware, 
software,  and  operational  concepts  for  the  employment,  management,  anc 
implementation  of  all-digital  SAR  processing  and  exploitation  prior  to 
fielding  a  production  softcopy  SLAR  exploitation  capability.  The  ultimate 
objectives  of  ABLE  are  timely  and  accurate  exploitation  with  a  very  high 
throughput  rate.  Key  elements  include: 

•  Full  swath,  full  resolution  digital  image  formation  for  the 
RF-4  carried  UPD-4/UPD-6  radars. 

•  Digital  change  detection  with  target  cluster  analysis  for 
interpreter  cueing. 

•  Automated  exploitation  management  aids. 

•  High  productivity  (reports /hour) . 

•  Digital  map  storage  and  display. 

•  improved  report  timelines. 

•  Automated  collateral  data  handling  and  presentation. 

The  ABLE  concepts  are  a  natural  product  of  a  continuous  evolution  in 
SLAR  exploitation  technology.  The  initial  impetus  for  ABLE  came  from  the 
addition  of  an  air-to-ground  data  link,  delayed  real-time  optical  image 
formation  (6  min.),  and  enhanced  hard  copy  (film)  exploitation  hardware  and 
software  embodied  in  the  QRC  7601  program.  PRC  7601  Shelters  1  and  2 
established  the  ability  to  detect,  locate,  and  report  on  targets  in 


near-real-time  using  hard  copy  imagery  displayed  on  catnoae  ray  tube  (CRT) 
displays.  A  companion  set  of  equipment  (QRC  7601  Shelter  3)  demonstrated 
real-time  all-digital  inage  formation  and  advanced,  two-stage  softcopy 


exploitation  techniques.  The  QRC  7601  equipment  was  supported  by  an 
elementary  manual  Exploitation  Management  Cell  (EMC) . 

The  Flexible  Test  Bed  (FTB)  was  an  enhanced  Shelter  3  incorporating 
flicker  change  detection,  ouffering  for  two  stage  exploitation,  a  situation 
display  and  other  improvements.  Tne  FTB  clearly  demonstrated  tne  advantages 
of  digital  exploitation  and  was  very  successful  in  spite  of  limited  radar 
processor  resolution  and  5  mile  swath  wicth. 

Tne  preceding  hardware,  software,  and  procedures  demonstrated 
individual  capabilities  required  to  fully  utilize  the  capabilities  of  a  data 
link  SAR  system.  The  ABLE  system  brings  together  the  full  requisite 
capabilities  simultaneously  to  provide  a  validated  set  of  hardware, 
software,  and  procedures  for  the  next  generation  of  SAR  reconnaissance 
systems . 

2.2  Requirements 

The  goal  of  the  ABLE  system  is  the  processing  and  exploitation  of  an 

2  i 

average  of  4000  NM  per  hour  of  10  ft  170-4  SAR  imagery  and  16000  NM 

per  hour  of  50  ft  UPD-6  imagery.  Average  target  report  times  (TOT-to-report 

transmitted)  should  be  less  than  5  minutes  with  a  peak  density  of  target 

'n 

areas  analyzed  of  100  per  1000  NT'/.  Additionally,  the  ability  to 
accurately  locate  targets  in  multiple  coorainate  systems  within  an  accuracy 
of  100  meters  is  required. 


2.3  Verification 


The  ABLE  concepts  will  be  validated  in  three  separate  tests  or 
demonstrations.  The  first  test  is  a  limited  OONUS  acceptance  test  (less  the 
ACDS)  which  is  intended  to  verify  required  functionality.  The  second  test 
is  an  operational  demonstration  in  USAFE  curing  the  annual  REFORGER 
exercise.  This  test  is  intended  to  validate  the  ABLE  concepts  and  is  the 
major  objective  of  the  program.  The  third  test  is  a  hands-on  period  of  use 
by  the  Federal  Republic  of  Germany  (FRG)  curing  a  NATO  exercise.  This  is 
intended  to  further  verify  ABLE  concepts  in  a  joint  operational  environment. 


3.0  OPERATIONAL  CONSIDERATIONS 

The  ABLE  system,  supplemented  by  a  data  link  receiver,  can  operate  as 
an  independent,  stand  alone  SLAR  exploitation  system,  in  practice,  the 
stand  alone  ABLE  system  will  operate  as  part  or  the  overall  US.AF  tactical 
reconnaissance  system  supporting  both  air  and  around  iorce  commanders.  This 
section  will  show  how  ABLE  fits  into  tnis  overall  system. 

3 . 1  Tasking  and  Reporting 

ABLF's  position  in  the  European  Tactical  Reconnaissance  request  and 
reporting  chain  is  shown  in  simplified  term  in  Figure  3-1.  Although  tiierc- 
are  many  exceptions  to  the  basic  flow,  the  following  description  will 
illustrate  how  the  process  works  nominally. 

Most  reconnaissance  is  performed  in  response  to  specific  requests  for 
battlefield  information.  These  requests  originate  at  the  supported  ground 
and  air  forces  level  and  specify  what  area  is  of  interest  and  what  is  of 
interest  in  that  area.  Requests  are  forwarded  through  channels  to  a 
centralized  tasking  authority  (4AT.AF)  whicn  consolidates  and  approves 
requests.  Approved  requests  are  then  forwarded  to  the  26TRW  as  tasking.  At 
the  26TRW  Frag  shop,  these  tasks  are  combined  to  optimize  use  of  air  assets 
and  the  combined  tasking  is  written  into  a  fragmentary  order  (Fraq)  which 
assigns  specific  air  missions,  sensor  types  and  exploitation  requirements. 
The  Frag  is  then  given  to  the  38th  TES  operations  section  whicn  assigns 
specific  aircraft  crews  and  flight  times.  The  Frag  also  goes  to  the 


exploitation  section  for  preparation  of  required  materials  and  scheduling. 


ABLE  Tasking  and  Reporting  Channels 


Tasking  may  be  received  at  anytime  ana  Frags  written  in  response, 
however,  most  reconnaissance  requests  are  sufficiently  routine  so  that  tne 
bulk  of  the  Frags  are  received  oy  tne  exploitation  operations  m  tne  morning 
so  as  to  allow  planning  for  tne  entire  day.  However,  tnere  are  constant 
cn.anges  throughout  the  day  cased  upon  such  tilings  as  new  requests ,  aircraft 
availaoility  a.na  weather. 

The  ultimate  product  of  tne  air  reconnaissance  is  tne  reconnaissance 
report  which  states  what  was  found  and  where.  Figure  3-2  is  a  typical 
report  which  is  transmitted  to  tne  requesting  Army  or  Air  Force  unit.  In 
addition  to  the  requesting  unit,  reports  are  aiso  sent  to  a  number  of  otner 
reconnaissance/ intelligence  units  for  use  as  supporting  collateral 
intelligence.  Reports  are  communicated  using  Doth  the  tactical  TARRRS 
system  for  Army  recipients  and  AITXTN  for  otners. 

The  process  just  descnoed  is  foe  requests  for  specific 
reconnaissance.  In  addition,  the  reconnaissance  unit  can  aiso  detect  ar.c 
report  targets  in  areas  not  specif ically  requested.  These  "bonus"  targets 
are  often  indications  of  new  and  previously  unknown  activities  and  will  be 
more  numerous  with  ABLE  due  to  ABLE's  increased  capacity.  It  is  anticipated 

that  ABLE  will  allow  requesters  to  enlarge  their  requested  coverage  areas 

7 

suostantially  from  the  current  15  NM  "boxes." 
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Figure  3-2  Reforger-00  Radar  Reconnaissance  Report 


In  this  section,  some  typical  reconnaissance  operations  scenarios 
are  described  in  order  to  estaolish  a  framewor.-c  for  later  capability 
descriptions. 


3.2.1  Current  Reconnaissance  Operations  Scenarios 

SAR  reconnaissance  is  presently  conducted  with  a  single  aircraft 
flying  a  series  of  predefined  tracKS  called  "STAR  lines".  After  flying  tne 
predetermined  lines,  the  aircraft  returns  to  its  base  where  tne  collected 
raw  data  is  unloaded  from  the  aircraft,  processed  into  images  and 
exploited.  This  method  typically  produces  target  reports  within  two  to 
three  hours  after  collection  [time  over  target  (TOT)].  Typical 
reconnaissance  operations  during  major  exercises  have  used  several  aircraft 
at  approximately  six  hour  intervals  to  provide  coverage  commensurate  with 
both  collection  and  exploitation  capabilities. 

Adding  a  data  link  to  the  aircraft  allowed  a  reduction  in  report 


times  to  less  than  one  hour  by  eliminating  the  return  to  base  time. 
However,  the  manual  exploitation  capability  began  to  be  recognized  as  a 


limiting  factor.  This  occurred  because  the  RF-4  aircraft  can  collect 

2 

imagery  at  approximately  4200  NM  /nr  and  the  manual  exploitation  systems 

0 

can  exploit  only  about  400  NM”  dir  per  station.  At  tne  26  TRW,  tne  two 

2 

station  MARRES  thus  can  handle  800  NM  /nr.  Fortunately  aircraft  on-station 

2 

time  limits  the  total  collections  to  about  2G00  NM  per  sortie,  thus  the 


manual  systems  can  keep  up  as  long  as  missions  are  spaced  several  hours 


apart.  As  a  result,  data  link  SAR  missions  are  still  flown  several  hours 
apart,  but  now  result  in  rapid  response  reporting  on  predetermined  target 
areas. 

Recognizing  the  advantages  of  multiple  source  reconnaissance,  the  26 
TRW  schedules  a  TEREC  equipped  aircraft  20  minutes  ahead  of  the  data  link 
SAR  aircraft.  By  doing  this,  TEREC  intercepts  can  be  used  to  immediately 
direct  (cue)  the  SAR  exploitation  towards  potential  target  areas. 

3.2.2  Potential  .ABLE  Operations  Scenarios 

The  ABLE  system's  increased  capacity  and  integral  cuing  capability 
allows  it  to  overcome  earlier  problems  identified  with  the  data  link 
implementation.  Specifically,  ABLE  can  exploit  and  report  at  the  same  rate 
as  the  UPD-4  equipped  RF-4  can  collect  which  allows  new  operations  concepts 
to  be  tried,  two  of  which  are  described  here. 

3. 2. 2.1  Continuous  Coverage 

ABLE  allows  continuous  reconnaissance  of  an  area  as  long  as  a  data 
link  equipped  aircraft  is  airborne  in  the  area.  The  26  TRW  demonstrated  its 
ability  to  provide  continuous  aircraft  coverage  during  REPORGER  1980  by 
using  two  aircraft  and  airborne  refueling  to  keep  one  aircraft  constantly 
imaging  the  exercise  area.  This  operation  was  very  successful  as  a 
countermeasure  to  the  ground  forces  SAR  Cover  Concealment  and  Deception 
(CCD)  technique  of  hiding  during  imaging. 


3. 2. 2. 2  Mission  Retasking 

Current  operations  are  completely  preplanned  and  only  targets 
designated  prior  to  the  aircraft  mission  are  imaged.  ABLE  can  quickly  adapt 
to  exploiting  new  areas  because  of  its  automated  reference  imagery  and 
collateral  information  data  bases.  Therefore,  it  is  possible  tc  change 
plans  if  potentially  lucrative  targets  are  identified  during  a  mission. 

An  example  will  illustrate  this  concept.  A  mission  is  flown  which 
is  planned  to  image  SLAR  lines  1,  2  and  3  of  a  particular  area.  While 
imaging  line  3,  an  image  interpreter  detects  a  large  new  concentration  of 
returns  near  its  edge.  In  order  to  properly  assess  this  new  threat,  tne 
analysts  need  to  know  what  else  is  near  by,  so  the  aircraft  conrrander  is 
contacted  by  radio  and  asked  to  fly  the  adjacent  line  4  instead  of  the 
scheduled  line  2.  This  is  done  and  the  real-time  imagery  shows  significant 
convoy  activity,  indicating  an  even  larger  buildup  is  possible  at  the 
original  site. 

Other  instances  for  using  retasking  include  the  receipt  of  lucrative 
cues  such  as  a  TERBC  intercept  or  telephonic  reports  of  enemy  sightings. 

With  aircraft  constantly  available  as  is  the  case  in  a  continuous  imaging 
operation,  it  is  easy  to  capitalize  on  these  real-time  inputs  and  requests 
by  redirecting  the  aircraft. 


The  key  to  this  capability  is  the  acility  of  ABLE  to  easily  adapt  to 
new  areas  and  to  report  imagery  interpreter ion  results  in  real-time.  It  is 
also  important  to  realize  that  using  ABLE  al_ows  complete  utilization  of  the 
full  collection  capabilities  of  the  RF-4,  ta-'.ing  more  cost-effective  use  of 
expensive  flying  hours  and  creating  new  operational  challenges  for  fiicnt 
operations  personnel. 


4.0 


SYSTEM  DESCRIPTION 


Tnis  section  presents  an  overview  of  the  ABLE  system  components. 

The  intent  is  to  familiarize  the  reader  with  tns  major  components  whose 
operational  descriptions  follow  in  Section  5.0. 

4.1  System  Description 

This  section  describes  the  major  functional  components  of  ABLE  at 
the  shelter  level,  it  then  provides  a  brief  overview  of  the  major  system 
signal  flow. 

4.1.1  Major  Functional  Components 

The  major  components  of  the  ABLE  system  are  depicted  in 
Figure  1-1.  The  functions  of  each  component  are: 

Radar .-  The  airborne  radar  (APD-10  or  APD-11)  provides  image  phase 
histories  of  terrain  and  targets  to  either  side  of  the  RF-4. 

These  phase  histories  are  transmitted  to  the  ground  via  a  data 
link. 

QRC  Shelter  1 :  The  data  link  signal  containing  the  raw  radar 
return  signals  (phase  histories)  is  received  by  equipnent  in 
Shelter  1,  and  provided  to  ABLE. 

SAPPHIRE:  SAPPHIRE  is  a  digital  signal  processor  wnich  produces 
digital  images  from  the  radar  phase  Histories. 

Automatic  Change  Detector  (ACD) :  Tne  ACD  automatically  compares 
the  real-time  image  from  SAPPHIRE  (called  the  mission  image)  with 
a  previously  stored  reference  image  and  reports  to  the  ES 
significant  clusters  as  probable  targets  for  further  investigation. 


Exploitation  Subsystem  (ES)  :  Tne  ES  contains  display  stations  for 
viewing  and  interpreting  the  images  in  order  to  detect  and  report 
targets. 

Exploitation  Management  Cell  (IMP  :  Tne  EMC  provides  exploitation 
support  data  such  as  collateral  reports,  previous  target  reports, 
digital  maps  and  other  collection  source  cues. 

4.1.2  Signal  Flows 

The  major  ABLE  signal  flows  are  depicced  in  Figure  4-1.  Tne 
signal  flow  from  left  to  rignt  in  the  illustration  goes  from  the  raw  aata 
link  signal  into  Shelter  1  to  the  final  exploitation  report  out  of  the 
EMC.  The  following  describes  each  of  tne  major  signals  block  by  block. 

The  input  to  Shelter  1  is  the  data  link  signal  received  from  the 
airoorne  radar.  Shelter  1  controls  the  tracking  antenna,  receives  the 
data  link  signal,  demodulates  it,  and  furnishes  the  demodulated  radar 
phase  history  signal  to  SAPPHIRE.  Shelter  1  also  demodulates  and 
furnishes  the  APD-10  auxiliary  data  signal  to  SAPPHIRE. 

SAPPHIRE  receives  the  raw  radar  p.nase  history  from  Shelter  1  and 
performs  the  necessary  digital  correlation  to  generate  digital  imagery. 
The  digital  imagery  is  furnished  in  three  different  output  ports  with  two 
formats.  Channel  A  is  nominal  10  foot  pixel  spacing  imagery  in  an  8-bit 
logarithm  encoded  format  and  is  intended  for  detailed  exploitation. 
Channel  B  is  nominal  20  foot  pixel  spacing  imagery  in  an  11-bit  floating 
point  format  intended  for  screening/automatic  change  detection.  Channels 
A  and  B  are  connected  to  the  ACDS.  Tne  direct  mode  imagery  port  is 
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connected  to  the  ES  and  provides  the  sate  mage  as  channel  A. 
provides  an  alternate  image  path  for  exploitation  if  the  ACDS  is  not 
available.  SAPPHIRE  also  decodes  the  APD-10  auxiliary  data  (A.ux  data) 
and  distributes  it  as  low  speed  data  (ADAS'  to  trie  ES  and  EMC. 

The  ACDS  receives  the  10  foot  A  channel  data,  stores  it  and  then 
passes  it  on  to  the  ES  when  requested.  Tr.is  buffering  is  usually  for  a 
short  period  of  time  (less  than  60  seconds.)  ana  provides  syncr.ronization 
with  the  change  detections  being  developed  from  the  c.oannei  3  imagery. 
However,  the  entire  image  is  saved  for  later  recall  if  necessary. 

Similar  to  channel  A,  channel  B  imagery  is  received,  stored  ar.o  furnished 
to  the  ES  on  request.  In  addition,  the  2C  foot  imagery  is  aligned  with  a 
previously  stored  reference  image  (perhaps  the  last  radar  image  of  this 
area)  and  significant  differences  are  noted.  These  change  indications, 
along  with  the  aligned  mission  and  reference  images  are  transmitted  to 
the  ES.  The  ES  and  ACDS  also  exchange  control  and  status  information 
through  a  direct  computer  link. 

The  ES  receives  imagery  either  from,  the  ACDS  (mission  and 
reference)  or  from  SAPPHIRE  in  the  direct  mode.  The  direct  mode  provides 
a  reduced  capability  system  if  the  ACDS  should  not  be  functioning.  The 
ES  also  receives  interpreter  aids  in  the  form  of  cues  and  maps  from  the 
SMC  and  change  cues  from  the  ACDS.  All  of  tr.is  information  is  made 
available  to  the  image  interpreters  who  develop  reconnaissance  reparts. 
These  reports  are  then  transmitted  to  the  EMC.  The  ES  and  EMC  also 
exchange  control  and  status  information  using  a  direct 
computer-to-computer  link. 


The  EMC  receives  target  reports  from  the  ES  and  transmits  these  to 
outside  users  using  tactical  message  crannels.  The  EMC  also  receives 
reports  and  information  from  other  reccnnaissance/intelligence  sources 
for  use  as  interpreter  cues.  In  addition,  the  EMC  receives  one  APD-10 
auxiliary  data  for  in  maintaining  a  situation  map. 

The  above  description  of  the  major  signal  flows  is  intended  to  be 
a  functional  overview.  There  are  additional  control  and  status  signals, 
as  well  as  inter -shelter  communications  that  are  not  described  here. 

More  details  of  the  signal  flow  may  oe  found  in  the  .ABLE  interface 
specif ications. 

4 . 2  Physical  layout 

The  ABLE  system  will  be  located  at  Zweibrucken  AB,  FRG  which  is 
the  location  of  the  26th  Tactical  Reconnaissance  Wing  (TRW)  and  the  38th 
Tactical  Reconnaissance  Squadron  (TRS) .  Figure  4-2  shows  the  location  of 
the  system  on  the  base  adjacent  to  the  semi-hardened  Precision 
Photographic  Interpretation  Facility  (PPIF)  which  houses  the  majority  of 
the  squadron  exploitation  equipment.  Figure  4-2  also  shows  the  expected 
placement  of  each  ABLE  shelter  on  the  concrete  pad. 


4.3  SAPPHIRE 

SAPPHIRE  is  a  high  speed  digital  signal  processor  which  processes 
the  radar  phase  history  signals  from  the  data  link  into  a  digital  image. 

The  SAPPHIRE  processor  is  capable  of  processing  UPD-4  and  UPD-6 
radar  to  full  resolution  and  swath  width  at  real-time  collection  rates. 
SAPPHIRE  operates  in  a  variety  of  modes  which  depend  upon  the  type  of 
preand  post-detection  signal  processing. 
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In  addition  to  pre-  and  post-detection  image  processing,  SAPPHIRE 
also  features  both  manual  and  automatic  focusing  and  slant-to-qround 
range  conversion. 

ABLE  will  operate  with  SAPPHIRE  m  mode  A1B2  for  1C  toot  detail 
analysis  imagery  and  D4A1  20  foot  imagery  for  change  detection.  Botn 
types  of  imagery  will  be  output  simultaneously  through  parallel  output 
ports.  Image  output  will  be  in  the  ground  plane  at  a  rate  of 
approximately  0.54  megapixels  per  second  for  iO  foot  data  and  0.135 
megapixels  per  second  for  20  foot  aata. 

The  interior  of  the  SAPPHIRE  shelter  is  snown  in  Figure  4-3  .  The 
front  half  of  the  shelter  contains  operator  interfaces  while  the  back 
half  contains  the  digital  processor. 

Located  at  the  operator's  console  are  controls  for  SAPPHIRE 
operating  parameters,  an  oscilloscope  for  monitoring  input  signal  levels, 
an  output  image  display  for  monitoring  image  quality,  a  computer  terminal 
(CRT)  for  monitoring  aircraft  auxiliary  data,  and  tape  recorder  controls. 

Near  the  operator  console  is  the  phase  history  tape  recorder  and 
the  image  tape  recorder.  These  two  tape  recorders  allow  the  SAPPHIRE 
operator  to  record  and  play  back  data/imagery  before  or  after  SAPPHIRE 
processing.  This  is  an  important  feature  since  it  provides  the  ABLE 
system  the  capability  to: 

•  Replay  images  anytime  after  the  aircraft  has  collected  them 
(non-real  time) . 


SAPPHIRE  SUBSYSTEM 


Figure  4-3  Interior  View  of  SAPPHIRE 


•  Train  personnel  without  using  ar.  aircraft. 

•  Create  new  reference  imagery  m  IS  ACDS. 

•  Have  a  backup  in  case  of  inability  to  exploit  in  real  time. 

4.4  Automatic  Change  Detector  Subsystem  'AIDS, 

The  ACDS  is  shown  in  Figure  4-4  a no  provides  ABLE  me  fclirw^-.g 
capaoilities: 

•  Reference  image  storage. 

•  Buffering  of  imagery  to  allow  varying  cf  presentation  rate. 

•  Automatic  registration/alignment  of  tune  mission  and  reference 
imagery  to  an  accuracy  of  approximately  20  ft. 

•  Automatic  change  detection. 

•  Automatic  reference  image  updating. 

The  ACDS  provides  the  primary  operational  storage  for  ABLE 

2 

imagery.  The  ACDS  maintains  approximately  1510  of  20  foot 

reference  imagery  on  its  data  base  disks  while  maintaining  up  to  500 
2 

NM  at  10  foot  mission  imagery.  The  reference  imagery  is  broken  up 
into  several  individually  recallable  SLAB  lines  and  the  mission  imagery 
can  easily  be  converted  to  a  new  reference  image. 

The  ACDS  performs  change  detection  by  detecting  significant 
differences  in  intensity  between  mission  and  reference  images  on  a 
pixel-by-pixel  basis.  The  ACDS  furtner  processes  the  raw  changes  for 
clusters  of  changes.  The  number  of  changes  tt  a  cluster  as  well  as  tr.e 
difference  threshold  are  key  operator  selectatie  parameters.  When  a 
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significant  size  cluster  is  detected,  tne  .--CDS  signals  the  exploitation 
system  that  a  potential  target  exists  and  cues  its  location  on  the 
mission  image. 

Working  on  a  pixel-by-pixel  basis  requires  a  very  high  precision 
in  registration  (alignment)  of  tne  mission  and  reference  images.  Tr.is  is 
done  by  a  quadratic  warping  of  the  reference  image  based  upon  tne  dynamic 
outputs  of  a  6-degree  Kalman  filter.  Performing  these  functions  in  real 
time  with  input  data  rates  of  approximately  2  MBS  requires  a  large  suffer 
(240  mbytes)  and  a  high  processor  rate.  Tr.is  processing  rate  is  achieved 
through  tne  use  of  a  distributed  multi-microprocessor  system  using  22  CDC 
flexible  processors. 

4 . 5  Exploitation  Subsystem  (£S) 

The  heart  of  the  ABLE  is  the  exploitation  subsystem  (ES)  which  is 
illustrated  in  Figure  4-5.  The  ES  contains  softcopy  image  displays  and 
analyst  support  tools  to  support  the  real-time  two-stage  interpretation 
of  SAR  imagery  and  generation  of  target  reports. 

The  illustration  shows  six  display  stations  (called  Software 
Reconf igurable  Display  -  SRD)  and  an  exploitation  controller  (EC)  station. 
The  SRD  is  an  interactive  softcopy  image  display  station  and  is  described 
later.  The  other  major  ES  components  are  tne  control  computer,  the  image 
buffer  and  the  EC  situation  display. 

When  operating,  the  ES  is  typically  configured  so  that  four  of  the 


stations  are  screening  and  two  are  detail  analyst^.  Screening  stations 
display  one-fourth  (2.5  miles)  of  the  alternating  mission  and  reference 


images  which  are  moving  down  the  display  at  a  selectable  rate.  The  image 
scroll  rate  may  vary  from  an  equivalent  ground  speed  of  zero  up  to  1200 
feet  per  second.  During  operations,  relevant  collateral  information 
(cues)  are  displayed  as  symools  on  the  scrolling  imagery.  Cnange  area 
cues  from  the  ACDS  are  also  displayed  as  circles  around  the  change  area, 
hue  scrolling  imagery  is  viewed  by  an  image  interpreter  wno  functions  as 
a  screener.  .As  targets  are  cetectea  on  the  scrolling  imagery,  the 
screener  directs  the  system  to  transfer  a  copy  of  the  image  with  tine 
target  to  a  temporary  storage.  Hig.o  priority  images  may  oe  designated  to 
be  placed  at  the  front  of  the  buffer  storage.  Image  interpreters  at  t.ne 
detail  stations  then  request  that  images  from,  this  buffer  be  displayed  on 
a  scene-by-scene  basis  for  detailed  analysis  and  reporting. 

The  EC  console  performs  specialized  EC  functions  ana  nas  tne 
additional  feature  of  a  19-inch  color  situation  display  wnicn  can  display 
selectable  maps  and  other  pertinent  information.  Trie  EXT  console  also 
permits  control  of  the  system  configuration,  allowing  the  BC  to  select 
the  mix  of  screening  and  detailing  stations. 

The  selection  of  four  screening  and  two  detailing  stations  is 
arbitrary  since  an  SRD  may  be  easily  configured  by  the  EC  to  be  eitner  a 
screener  or  detailer.  Tnis  feature  of  ABLE  allows  full  flexibility  m 
workload  assignment,  and  permits  taking  advantage  of  tne  ACDS  potential 
to  allow  screeners  to  handle  wider  areas.  This  also  permits  assigning  up 
to  all  6  image  interpreters  to  detailing  in  order  to  work  at  backlogs 
during  nonimaging  periods. 


The  Software  Reconf igurable  Display  (SRD)  (Figure  4-6)  contains  a 


high  resolution  17-inch  image  display,  a  Keyooard,  a  combination 
situation  display/alphanumeric  CRT  and  a  small  CRT  serving  as  a  function 
switch  called  a  Programmable  Switch  Assembly  (PSA) .  Touching  tne  PSA  in 
one  of  28  spots  activates  the  function  displayed  on  tne  CRT  (Figure 
4-7) .  Since  any  two-line,  8-character  legend  may  be  displayed  on  each  of 
the  28  PSA  locations,  tne  PSA  provides  an  unlimited  flexibility  for 
function  «;eys.  In  the  ES,  tr.is  capamiity  is  exploited  to  a  very  nigh 
degree  so  that  actual  typing  is  minimized  ana  operator  training  is 
simplified. 

The  SRD  alphanumeric  cisplav  can  eitr.er  be  a  small  map  display 
which  is  a  copy  of  the  ET  larger  situation  display  or  it  may  be  an 
alphanumeric  display  snowing  reports  arm.  otter  interactive  information. 
Tne  cnoice  is  an  individual  operator  decision. 

4.6  Exploitation  Management  Cell  (EMC) 

The  Exploitation  Management  Cell  (EMC'  depicteo  in  Figure  4-8 
contains  a  command  and  control  console,  a  control  computer  and  map 
digitizing  equipment. 

Tne  command  and  control  console  consists  of  a  4-toot  screen  with  a 
r*-ar  pi  ejection  color  display  unu  tun-.-  o./T.putet  console:-;  wrier,  are  SRL's 
vi trout  . mage  displays.  Trie  projection  system  is  used  tor  di-play  ot 
mars  and  situation  over  lavs  wmch  aie  container  m  tne  EM'  data  rase. 
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Figure  4-f>  Image  Interpreter  Display  Station  ( SHI) ) 
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nree  consoles  each  contain  a  PSA,  an  alpnanumer ic  display,  a 


joystick  and  a  keyboard  and  are  connected  to  the  EMC  computer  to  permit 
control  of  the  ABLE-rMC  system.  The  EMC  display  may  also  be  viewed  at  a 
remotely  located  monitor  connected  by  a  1/4  mile  fiber  optic  cacle.  Tr.is 
monitor  will  be  located  in  the  38th  7RS  operations  area. 

The  EMC  computer  supports  tne  Collateral  information  Data  Base 
(CIDB)  which  contains  data  to  aid  in  interpretation.  Tne  computer  also 
supports  preparing  and  storing  of  digital  maps  and  external  communicating 
of  reports  and  cues. 

The  EMC  contains  a  large  digitizing  tablet  for  tracing  maps, 
charts,  interpretation  keys  or  any  other  graphic  material  for  storage  and 
display.  The  digitizing  capability  combined  with  a  35  mm  slide  projector 
built  into  the  situation  display  optical  path  provides  ABLE  with  a 
versatile  briefing  and  training  aid  as  well  as  useful  interpreter  aids. 
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ABLE  SYSTEM  OPERATIONS 


The  purpose  of  tnis  section  is  to  describe  typical  ABLE  operations  that 
a  ill  occur  in  support  of  the  mission  scenarios  described  in  Section  2.C.  Tnis 
section  is  organized  to  present: 

•  A  possible  ABLE  personnel  structure 

•  Basic  system  operating  modes 

•  Subsystem  operations  descriptions 

5.1  Personnel 

A  suggested  personnel  structure  is  sncwn  in  Figure  5-1.  Local  policies 
and  user  preferences  will  determine  the  actual  structure.  T.ne  suggested 
structure  reflects  the  assignment  of  responsibilities  for  maintenance  tc 
contractors  and  for  operations  to  military  personnel.  Duties  and 
responsibilities  of  each  person  are  described  in  following  sections.  Tr.e 
parentheses  indicate  where  the  person  is  located  during  missions. 

5.1.1  ABLE  Officer  in  Charge  (EMC) 

Tne  Officer  in  Charge  (OIC)  is  responsible  for  accomplishing  the  ABLE 
mission  through  management  of  the  assigned  equipment  and  personnel  resources. 

5.1.2  ABLE  NCOIC  (EMY) 

Tne  Non-Commissioned  Officer  in  Charge  (NCC'IC)  is  responsible  for 
assisting  the  OIC  and  for  supervising  assignee  military  personnel. 


figure  5-1  Personnel  Organization  for  ARII  Operation 


5.1.3  Maintenance  Officer 

The  Maintenance  Officer  is  resco nt.de  far  maintaining  ' 
operational  status  of  all  assignee  eg_.pre.nt ,  including  recur- 
maintenance  reporting  and  supply  c-pits tiers. 

5.1.4  Operations  Officer  (EMC) 

Tne  Operations  Officer  is  an  ..~j.gr  interpreter  respire  i: 
ABLE  system  operations.  Tnis  fur.ct. :  r.  cc-lc.  re  contained  v. . t.t  1 
of  the  ABLE  NOOIC. 

5.1.5  SAPPHIRE  Operator  (SAP) 

The  SAPPHIRE  Operator  is  responsible  tor  operating  the  ( 

system. 


5.1.6  ACDS  Operator  (ACDS) 

The  ACDS  Operator  is  respcnsicle  fer  operating  the  ACE  £ 

5.1.7  Data  Base  Manager  (EMC) 

The  Data  Base  Manager  (DBM)  is  an  intelligence  analyst  i 
responsible  for  managing  the  EMC  Collateral  Information  Data  Bs 
operating  the  EMC  computer. 

5.1.8  Situation  Analyst  (EMC) 

The  Situation  Analyst  is  an  intelligence  analyst  ana  is 
ble  for  developing  situation  overlays  fir  CMC  maps  and  assistir 
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maintenance. 


5.1.9  Exploitation  Controller  (ES) 

The  Exploitation  Controller  (EC)  is  a  senior  inrage  interpreter  and 
is  responsible  for  supervising  ES  personnel  and  controlling  Imagery 
Exploitation. 

5.1.10  Assistant  Exploitation  Controller  (ES) 

The  Assistant  EC  is  an  image  interpreter  with  additional 
responsibilities  assisting  the  EC. 

5.1.11  Image  Interpreters  (ES) 

Image  Interpreters  (II)  operate  SRD's  in  the  ES  and  are 
responsible  for  interpreting  imagery.  They  perform  the  screening  and 
detailing  functions. 

5.1.12  Contract  Maintenance  (All  Shelters) 

All  maintenance  except  for  operator  checks  is  the  responsibility 
of  the  system  development  contractors. 

5.2  Basic  Operating  Modes 

Describing  ABLE  operations  is  simplified  if  the  operating  time  is 
divided  according  to  what  is  oeing  done.  In  tnis  description,  these 
operating  time  divisions  are  called  operating  modes  and  are  shown  in 
Figure  5-2.  The  modes  are  related  to  aircraft  operations  and  mode 
changes  occur  when  the  events  shown  on  the  arrows  occur.  The  non-mission 
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Figure  5-2  ABLE  Operating  Modes 


mode  is  trie  usual  mode  and  represents  tne  times  when  no  cata  link 
equipped  aircraft  are  scheduled  to  fly.  Tne  pre-mi  ssio-i  mode  oegins 
shortly  before  the  imaging  aircraft  (or  tr.e  first  of  a  multi-sortie 
mission)  ta«es  off.  When  tne  SLAR  aircraft  or  the  first  of  a 
multi-sortie  mission)  begins  tne  first  imaging  run,  the  mission  mode 
oegins  and  continues  until  the  last  SLAR  line  is  flown  and  the  last 
aircraft  begins  to  return  to  base.  Tnen  post-mission  mode  activity 
begins,  and  continues  until  completion  and  a  return  to  non-mission  mode. 
Each  of  these  modes  is  described  in  more  detail  in  tne  following  sectior.s. 

5.2.1  Non-Mission  Mode 

The  non-mission  mode  activities  are  intended  to  ensure  tne 
readiness  of  the  system  for  mission  operations.  Typical  of  tnese 
activities  are: 

•  Ccrrective  Equipment  Maintenance. 

•  Data  Base  Maintenance. 

•  Training. 

•  Preventive  Maintenance. 

•  Administrative  Support  Functions. 

5.2.2  Pre-Mission  Activities 

Pre-mission  activities  are  to  prepare  for  exploiting  specific  SLAR 
lines.  These  activities  consist  of  understanding  tne  mission 
requirements,  selecting  the  appropriate  reference  images  and  collateral 
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data,  and  preparing  all  equipment.  In  cases  where  there  is  a  real-time 
change  to  mission  plans,  such  as  a  dynamic  retasking,  mission  activity 
may  be  terminated  and  new  pre-mission  activities  begun. 

5.2.3  Mission  Activities 

Mission  activities  are  centered  on  exploiting  real-time  imagery. 
Mission  activity  flow  is  shown  in  Figure  5-2  and  is  described  in  the 
paragraphs  which  follow. 

First,  a  decision  is  made  by  the  SC  as  to  whether  any  exploitable 
imagery  will  be  obtained  from  the  aircraft  tr. rough  the  data  iin<  ana 
into/through  SAPPHIRE.  This  could  be  done  by  imaging  a  test  target  array 
after  the  aircraft  has  reached  its  altitude  and  the  data  link  signal  has 
been  acquired.  After  this  initial  test,  c.necks  of  reference  imagery, 
collateral  data  and  maps  are  made  to  be  sure  the  right  information  is 
loaded.  Then  it  is  necessary  to  wait  until  the  aircraft  reaches  the 
mission  area  and  the  beginning  of  a  SLAP  run.  The  situation  display 
shows  graphically  where  the  aircraft  is,  and  during  the  time  the  aircraft 
is  lining  up  for  the  SLAR  run  the  EC  has  the  opportunity  to  view  the 
mission  image  and  verify  that  the  correct  reference  image  has  been 
selected.  When  the  run  begins,  the  mission  and  reference  imagery  are 
registered  and  imagery  screening  begins.  Typically,  four  II  will  screen 
while  two  perform  detail  analysis.  Selected  imagery  is  then  analyzed  to 
generate  target  reports.  When  screening  is  completed,  the  screeners  can 
do  detail  analysis  (if  any  scenes  remain  ur.exploited)  until  all  imagery 
is  exploited  and  the  exploitation  system  is  ready  for  another  run.  When 


cions 


a  ran  is  completed,  tr.e  system  is  prepared  tor  tne-  next  line  or  t  re¬ 
current  aircraft  or  the  next  aircraft  c:  -  r  ilti -sortie  mass ion.  .vher, 

-ne  last  line  of  the  last  sortie  is  completed,  tntr,  tne  system  can  return 
tc  tne  non-mission  mode. 

When.  tasking  changes  coring  a  n  iss ,  tne  activities  oenr.  as 
thojgh  a  new  SLAR  line  is  oeing  exploited. 

5.2.4  Post -Mission 

Post-mission  activities  me  lade  exploiting  or  re-explcitmc  ar.y 
runs  which  were  recorded  curing  tne  .mission  moce.  Post-mission 
activities  also  include  saving  and  logging  new  imagery  (tapes  and  disks) , 
preparing  reports,  making  maintenance  requests  and  mission  debriefing. 

5.3  EMC  Operations 

The  Exploitation  Management  Cell  provides  exploitation  aids  and 
supports  management  of  the  system.  Exploitation  aiding  is  accomplished 
by  obtaining,  storing,  filtering  and  furnishing  information  to  the  ES 
which  tells  the  interpreter : 

•  Where  to  look. 

•  What  types  of  equipment/activity  might  be  found  there. 

•  The  battlefield  situation  in  the  area. 

•  What  has  been  previously  reported  oy  ABLE  and  other  systems. 

System  management  is  provided  primarily  by  the  presence  of  the 


OIC/NCOIC  and  management  support  tools  such  as  the  intercom,  telephone, 
administrative  data  bases  and  briefing  aids. 


r.t ir.Je  our  ana  a  mission.  Tne  nag  or  ■■ M  functions  •;  ■:  :-t  ct : 

•  "ue  management . 

•  v.ap  generation. 

•  Situation  display  ^.anjgemer.t . 

•  Administrative  tile  maintenance. 

•  Maintenance,  training,  and  demonstrations . 

Lacn  of  t.nese,  except  Maintenance  and  training,  will  re  uescnoed  lr.  tne 
following  paragrapns. 

5.3.1  Cae  Management 

Tne  EMC  computer  supports  tne  maintenance  of  a  large  aata  case 
containing  collateral  information  that  includes  items  such  as  previous 
ABLE  reports  and  other  sensor  reports.  Tnis  Collateral  Information  Data 
Base  (CIDB)  is  the  basis  from  which  exploitation  aids  called  "cues"  are 
developed.  In  addition,  the  CIDB  allows  the  image  interpreter  to 
retrieve  all  available  information  about  a  particular  target  as  an  aid  to 
improving  target  identifications.  In  the  following  paragraphs,  cues,  cue 
sources  and  cue  development  are  further  described. 

5. 3. 1.1  Definition  of  a  Cue.  A  cue  is  information  which  assists 
the  interpreter  by  directing  the  search  to  particular  areas.  Cues  also 
provide  collateral  information  which  assists  the  interpreter  in 
determining  what  is  at  a  particular  location.  Examples  of  cues  are  ELTNT 
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IP  u  CJe  Soar  Ce.  7>  :M  '  '  .  ■  :  • 

TIPI- A,  tne  telepnone ,  a-v:  "»  '  ;•>*  • 
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tnat  cues  older:  than  24 


nas  shown  tnat  battlefield  dynamics  are  sic:', 
hours  are  generally  not  useful  and  that  daily  filtering  will  Keep  the 
CIDB  manageable .  The  third  rilter  is  the  mission  filtering  and  is  a 
crucial  step  just  oefore  interpretation.  Just  prior  to  a  mission,  cues 
are  pulled  that  are  pertinent  to  tne  upcoming  mission  and  are  sent  to  the 
L'S  computer  as  a  mission  pacKet.  At  t.nis  tame  the  Data  Base  Manager  must 
again  carefully  review  the  cues  to  ensure  tnat  the  interpreters  are  not 
given  distracting  or  meaningless  cues  _esa  tne  utility  cf  the  process  he 
compromised.  Mission  filter  criteria  also  include  tne  SLAB  areas  of 
interest  and  any  EEI  and  Frag  collateral  reports. 

5.3.2  Map  Generation  and  Storage 

Accurate,  up-to-date  maps  are  essential  to  understanding  tne 
supported  battlefield,  and  the  EMC  will  prepare  and  store  these  map  for 
all  areas  of  interest.  EMC  maps  consist  of  an  invariant  terrain  feature 
background  and  situation  overlays.  Situation  overlays  are  described  in 
paragraph  5.3.3. 

E?>C  maps  are  prepared  by  tracing  over  paper  maps  to  create  an 
electronic  replica  in  the  EMC  data  oase.  Tnis  tracing  is  done  using  a 
digitizing  tablet  which  resembles  a  drafting  ooard.  Although  map 
digitizing  is  time-consuming  since  each  line  on  a  map  must  be  traced  and 
checked  once  completed,  the  map  oacKgrounds  are  saved  and  can  be  used 
indefinitely. 


Map's  are  displayed  at  the  sane  scale  as  they  are  digitized, 
..nerefore  any  size  map  from  a  1:10,000,000  hemispheric  down  to  a  1:1000 
street  map  can  be  digitized,  stored  and  displayed.  The  ETC  provides 
on-line  storage  for  30  maps  w.nile  an  unlimited  number  can  oe  stored  on 
magnetic  tapes.  On-line  maps  car.  be  recalled  for  display  in  the  ES  or 
Z'C  in  less  than  5  seconds  while  maps  on  tape  require  10  to  20  minutes  tc 
load  and  recall. 

5.3.3  Situation  Display  Management 

A  situation  display  is  a  graphical  representation  of  the  area  cf 
interest,  in  the  EMC,  the  situation  display  is  a  digital  map  Dackground 
with  electronic  overlays  containing  the  graphical  situation  data 
typically  consisting  of: 

Situation  data: 

•  Enemy  Order  of  Battle  (BOB) . 

•  Friendly  Order  of  Battle  (FOB) . 

•  Forward  Edge  of  the  Battle  Area  (FEBA) . 

Exploitation  Aids: 

•  SLAB  lines. 

•  Aircraft  track  and  radar  ground  imaging  area. 

•  Cued  locations. 

•  Reported  locations. 

These  overlays  are  developed  by  the  situation  analyst  and  can  be 
selectively  displayed  on  the  map.  Tnerefore,  they  need  not  show  all  data 
at  the  same  time.  Figure  5-5  is  an  example  cf  a  situation  overlay. 


In  preparing  the  situation  overlays,  the  situation  analyst  might 
use  data  from: 

•  Situation  Reports  (S1TREPS)  from  tactical  units  '"ia  Autodin). 

•  Tactics  handbooks. 

•  Operations  Orders  (OPORDS)  enemy  friendly  paragraph. 

•  Cues  and  reports. 

•  Intelligence  briefings. 

It  must  oe  stressed  that  tone  joo  of  developing  a  battlefield 
situation  is  the  ultimate  oojective  of  all  intelligence  and 
reconnaissance  and  that  the  EMC  situation  analyst  is  not  attempting  to 
develop  an  intelligence  product.  Instead,  tne  situation  analyst  is 
developing  information  that  will  provide  general  context  information  so 
that  the  image  interpreter  will  be  able  to  visualize  how  targets  fit  into 
the  battlefield. 

5.3.4  Administration 

The  EMC  computer  system  provides  the  ABLE  OIC  with  required 
administrative  support.  This  administrative  support  is  primarily  record 
keeping  for  personnel,  operations  and  logistics.  Typical  possible 
reports  and  records  are  shown  in  Figure  5-6. 


5.3.5  EMC  Mode  Activities 


This  paragraph  describes  the  EJhC  personnel  activities  during  each 
mode  of  ABLE  operation. 

5. 3. 5.1  Non-Mission.  During  r.on-mission  periods,  the  situation 
analyst  and  data  base  manager  will  be  updating/maintaining  the  CIDB  and 
situation  overlays.  When  these  jobs  are  finished,  time  may  be  spent 
digitizing  maps  or  training. 

The  NQOIC  will  be  insuring  that  the  administrative  files  are 
updated  and  supervising  other  ABLE  non-mission  activities.  The  01 C  will 
probably  be  absent  during  non-mission  periods,  attending  staff  meetings, 
crew  briefs/debriefs  and  coordinating  base  support. 

5. 3. 5. 2  Pre-Mission.  Pre-mission  activities  in  the  ETC  include 
the  data  base  manager  preparing  the  mission  CIDB  packet  for  the  ES.  The 
OIC  will  be  conducting  an  ABLE  pre-mission  briefing  based  on  the  Frag  and 
any  briefing  the  OIC  attended.  Typical  briefing  format  is  shown  in 
Figure  5-7.  Although  this  is  a  comprehensive  list,  several  things  in  the 
briefing  such  as  report  format  and  EEI  will  be  Standard  Operating 
Procedure  (SOP)  and  will  not  normally  be  mentioned. 

5. 3. 5.3  Mission.  The  EMC  role  during  a  mission  is  one  of 
coordination  and  monitoring,  unless  there  is  a  dynamic  retasking.  Trie 
situation  analyst  and  data  base  manager  will  continue  to  update  their 
data  bases  as  required,  adding  reports  as  they  are  generated  ny  the  ES. 
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The  NCOIC  will  monitor  the  aircraft  tracK  to  insure  t.nat  the  correct  lines 
are  flown  and  will  spend  time  coordinating  with  reconnaissance  users, 
adjacent  systems  (such  as  TIPI)  and  the  operations  center,  Tne 
OIC  will  he  monitoring  activity,  loo<ir.g  for  things  to  improve  and  handling 
YIP  visitors.  During  missions,  the  DC  will  oe  controlling  exploitation 
activities . 

Our  ing  a  mission,  a  priority  requirement  may  exist  wmcn  requires 
retas.King  or  retargeting.  If  this  occurs,  the  EMC  must  coordinate  the 
activities  which  include  coordinating  aircrew  notification,  alerting  the  ES, 
preparing  new  cues  and  developing  a  quick  oriefing.  For  dynamic  retasking, 
the  interpreters  would  be  briefed  in  the  ES  using  tne  remote  situation 
display  at  tne  DC  console. 

5. 3. 5. 4  Post-Mission.  Post-mission  activity  in  the  EMC  consists  of 
logging  mission  data  such  as  the  imagery  catalog,  returning  to  non-mission 
activities  and  an  OIC  debriefing. 

The  OIC  debriefing  is  intended  to  provide  an  operations  critique  and 
to  develop  ABLE  inputs  for  collection  tasking.  As  a  result  of  this  meeting, 
the  OIC  prepares  an  operations  summary  somewhat  like  Figure  5-8.  This  OPSUM 


will  then  be  transmitted  and  the  shelter  returned  to  a  non-mission  status. 
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5.4  SAPPHIRE  Operations 

The  operational  functions  required  of  the  SAPPHIRE  system  are 
crucial  to  successful  ABLE  operations  because  SAPPHIRE  produces  the 
imagery  from  the  radar  signals. 

5.4.1  Non -Miss ion 

During  non-mission  periods,  the  SAPPHIRE  operator  functions 
include: 

•  Verifying  that  any  required  maintenance  is  performed. 

•  Locating  and  running  image  tapes  for  ACES  or  ES  to  load  new 
reference  data  base. 

•  Training  support. 

•  System  demonstrations. 

5.4.2  Pre-Mission 

The  SAPPHIRE  operator  pre-mission  activities  include: 

•  Attending  mission  briefing. 

•  Mounting  required  blank  tapes,  verifying  recorder  functions. 

•  Checking  equipment  and  setting  required  controls. 

•  Testing  communications  with  data  link  and  other  systems. 

•  Testing  intercom. 

5.4.3  Mission 

The  SAPPHIRE  operator  is  responsible  for  image  quality  monitoring 
during  missions.  This  is  accomplished  by  monitoring  the  SAPPHIRE  imaae 


display,  advising  the  EC./OIC  via  intercox:  whenever  degradation  occurs, 
and  activating  a  manual  control  to  suppress  transmission  to  tne  ACDS  of 
degraded  imagery.  Tne  SAPPHIRE  operator  is  also  responsible  for 
recording  imagery  on  magnetic  tape,  assessing  the  quality  of  taped 
imagery  and  maintaining  logs  of  available  taped  imagery. 

5.4.4  Post-Mission 

After  the  OIC  states  that  a  mission  is  completea,  SAPPHIRE 
operator  activities  include: 

•  Dismounting  tapes  and  labeling  trier.. 

•  Logging  the  tapes. 

•  Informing  the  EMC  via  intercom  of  the  tape  identification. 

•  Preparing  maintenance  requests  for  any  problems  noted  during 
operations. 

5.5  ACDS  Operations 

Tne  ACDS  provides  ABLE  a  potential  for  large  productivity 
improvement  over  manual  systems  by  directing  the  screening  interpreters 
to  potentially  lucrative  target  areas.  Trie  ACDS  is  also  the  primary 
storage  for  reference  imagery  during  missions.  The  ACDS  is  an  automated 
system  requiring  minimum  operator  control  as  shown  in  the  following 
descriptions. 

5.5.1  Non-Mission 


During  non-mission  period,  the  ACDS  operator  duties  include: 


•  Verifying  that  any  required  equipment  maintenance  is  performer. 

•  Performing  necessary  file  maintenance  on  tne  image  data  cases. 

•  Supporting  training  and  demonstrations. 

•  Converting  mission  to  reference  imagery  ;as  requirea) . 

5.5.2  Pre-Mission 

The  ACDS  operator  pre-mission  activities  include: 

•  insuring  that  the  correct  reference  imagery  is  loaded  into  tr.e 
ACDS  data  base  from  the  SAPPHIRE  image  tapes. 

•  Attending  tne  mission  Drier  mg. 

•  Checking  equipment  operation. 

5.5.3  Mission 

The  ACDS  operator  is  responsible  for  monitoring  ACDS  operation  and 
especially  image  registration.  Since  the  ACDS  operator  will  see  imagery 
about  10  seconds  before  the  EC,  the  ACDS  operator  is  in  a  good  position 
to  warn  the  EC  of  upcoming  registration  loss  so  that  corrective  action 
can  be  taken  by  the  EC.  The  ACDS  operator  may  also  make  recommendations 
to  the  EC  on  settings  of  the  ACDS  parameters  for  maximum  effectiveness. 

5.5.4  Post-Mission 

After  the  OIC  states  that  a  mission  is  completed,  the  ACDS 
operator  activities  include: 

•  Dogging  the  contents  of  the  image  data  base  and  reporting  on  is 
information  to  the  FMC. 


1  c.  r_  1 


nuy  l*.-  per i'ormea  r-y  any  o:>, rarer  at  any  station.  However,  tne  normal 
assignments  will  r>e  fojr  screc-.ierr ,  two  derail  analysts  and  the 
exploitation  controller.  Tins  section  cessrioes  the  tasks  to  oe 
performed  dv  personnel  m  eac.n  ]on  rur.ccion  tor  each  mode. 

5.6.1  Non-Mission 

Tne  non-mission  ES  functions  consist  of  verifying  that  maintenance 
is  performed,  training,  capacilitv  demonstrations,  reference  image 
calibration,  and  operator  maintenance.  The  first  three  activities  are 
self-evident,  while  reference  image  calm  ration  is  discussed  in  the 
following  paragraphs. 

Constructing  reference  imagery  from  mission  imagery  will  be  done 
during  non-mission  periods  when  directed  by  tr.e  QIC.  This  process  is 
under  direction  of  the  BC  and  consists  cf: 

•  identifying  the  source  of  the  imagery  (see  Figure  5-9i . 


figure  5-9  Imagery  Storage  Locations  and  Capacities  within  ABU 


•  Determining  the  utility  (quality)  of  the  mission  imace  to  be 
used  as  reference. 

•  Developing  a  list  of  identifiable  control  points  fro::,  m  Sps , 
photographs  and  other  sources. 

•  Calibrating  the  reference  image  ry  locating  and  r  .r-..n:  tne 
control  points. 

»  Reporting  via  intercom,  to  the  ETC  that  a  reference  has  been  pre¬ 
pared,  what  it  contains,  and  where  it  is  located,  ir.e  v'C  will 
log  this  data  in  the  image  catalog. 

5.6.2  Pre-Mission 

The  EC  and  assistant  EC  will  attend  the  pre-mission  briefing  in 
the  SMC.  Tne  remaining  interpreters  will  perform  system  initialization 
and  operator  make-sure  tests  during  this  time. 

The  EC  and  assistant  EC  will  brief  the  interpreters  on  the  mission 
based  on  the  OIC  briefing.  Tnis  briefing  will  include  elements  such  as 
those  in  Figure  5-10. 

After  the  briefing,  the  ES  staff  will  perform  a  series  of 
equipment  checkout  activities,  and  the  EC  will  configure  all  stations  to 
support  screening/detailing  functions.  Tne  EC  will  also  estabiisr. 
alternate  configurations  and  designate  an  alternate  EC  station.  Tne  EC 
will  verify  t.nat  tne  correct  reference  imagery  is  loaded  in  tne  ACPS  and 
ES  (if  applicable,  .  y  viewing  portions  ana  comparing  tnem  wit:  t-m  nap. 


FRAG  AREA  SLA R/ LINES 
RADAR  PARAMETERS 
EEI 

ENEMY/FRIENDLY  SITUATION 

REPORTING  FORMAT  (DIFFERENCES  FROM  SOP) 
OPERATORS  ASSIGNMENTS  AND  ES  CONFIGURATION 
OTHER  INFORMATION  AS  AP  =  R  OPRI  ATE 


5.6.5  Mission 

Tne  basic  ES  flow  curing  an  pass  was  .. .  isuaa, .  is  •  n-5. 

Tne  following  sections  will  describe  tr.e  iterator's  functions  during  tr.e 
T.\pi  o:  tat  ion  process . 

5. 6. 3.1  Initialization  and  Registration.  A.  igrinu  tne  r.i.vji  r.  and 
reference  images  is  crucial  to  successful  screening  an.:  hone-  inti : :  rotation. 
Alien  noth  images  are  correctly  aliened,  difference?  in  tne  two  mar..'  are 
immediately  visible  to  the  interpreter  -s  .  linimg  smut  wuen  cn-  . -  a  res  are 
alternately  displayed  (flickered)  on  tr.e  interpreter  's  uisplay. 

The  exact  procedure  for  registration  uepenas  :n  wnether  the  E5  mission 
image  source  is  the  ACDS  or  SAPPHIRE  in  tr.e  cirect  mooe.  However,  tne  general 
procedure  for  both  sources  consists  ot. : 

•  Identifying  conjugate  points  in  :.ctn  mission  ana  reference  images. 

•  Designating  these  points  witn  tr.e  .lent  pen. 

•  Directing  the  ACDS  (when  used)  to  attempt  registration. 

Once  established,  the  ACDS  will  maintain  image  registration 

automatically  unless  there  is  a  break  in  tne  mission  imagery.  In  the  direct 
mode,  occasional  manual  registration  updating  will  be  required  to  compensate 
for  changes  in  aircraft  flight  paths. 


3.6.3. 2 


Exploitation.  The  ABLE  system  uses  a  two-stage 
exploitation  process  ir.  order  to  handle  tne  large  imaged  area  which  tne 
real-time  SLAR  produces.  Screening  is  tr.e  first  stage  in  which  an 
interpreter  views  a  portion  (typically  2.3  wide)  of  the  imaged  area 
and  selects  potential  target  scenes  for  later  detailed  analysis. 

Detailed  analysis  is  the  second  stage  and  consists  of  interpreting  tne 
selected  scenes  and  writing  appropriate  reconnaissance  reports. 

A  typical  .ABLE  operating  procedure  will  be  to  use  tour  Us,  eacn 
screening  one-fourth  of  the  10-mile  UPD-4  swath.  However,  a  major 
oojective  of  the  ABLE  experiments  will  be  tc  see  if  automatic  cnange 
detection/cuing  will  improve  screener  productivity  and  allow  the  use  of 
two  or  even  one  screener.  Two  II  would  be  initially  assigned  to 
detailing  with  the  four  screeners  becoming  detailers  after  tne  real-time 
imagery  has  been  screened.  The  EC  will  initially  view  the  full  swath  as 
a  screener  to  monitor  the  overall  mission. 

5. 6. 3. 2.1  Screener  Functions.  The  major  function  of  the  image 
screener  is  to  view  relatively  large  sections  that  have  cuing  information 
overlaid  on  them  so  as  to  select  relevant  sum-frames  of  this  imagery  for 
interpretation  by  the  detail  analyst.  Tnrough  this  division  of  labor, 
tne  screener  minimizes  tne  amount  of  irrelevant  imagery  provided  to  the 
detail  analyst,  thus  allowing  the  analyst  to  spend  time  more  efficiently 
on  the  interpretation  of  pertinent  imagery. 


Gmce  imagery  starts  to  be  received,  the  screener  is  ready  to 


participate  in  registering  the  mission,  imagery  in  order  tc  permit  c range 
detection.  The  registration  process  was  described  in  paragraph  5. 6. 3.1. 

The  primary  task  of  the  screener  after  registration  is  to  select 
potential  areas  as  the  mission  imagery  moves  by  on  the  display  screen. 

To  assist  in  performing  this  task,  there  are  four  analytical  aids: 
variable  screening  rate,  ACDS  cues,  cue  symbols  from  the  E Til  CIDB  and 
flicker  change.  The  screener  will  searc.n  the  imagery  using  any  or  all  of 
these  aids  while  the  cognitive  tasn.s  of  pattern  recognition  and  return 
counting  will  be  tne  primary  interpretation  met nods . 

To  further  enhance  the  image  screener's  performance  cn  this 
primary  task  a  situation  display  (map)  is  availaole.  The  situation 
display  will  contain  a  limited  amount  of  information  such  as  map 
overlays,  control  boundaries,  tasking  areas,  aircraft  track  and  otner 
graphics. 

Once  the  screener  has  determined  that  a  potential  target  area  is 
present  in  the  mission  imagery,  the  light  pen  is  used  to  designate  it. 

The  designation  will  appear  as  a  graphic  (diamond)  symbol  indicating  that 
the  designated  area  in  the  imagery  should  be  interpreted  in  greater 
detail.  When  the  screener  presses  the  screen  with  the  light  pen,  the 
imagery  containing  the  target  and  annotation  will  automatically  be  stored 
in  the  buffer  along  with  the  reference  imagery.  Tne  image  will  be 
centered  on  the  target  when  it  is  stored.  The  screener  will  continue  to 
search  the  imagery  to  detect  and  locate  potential  target  areas  until  the 
last  frame  of  the  mission  imagery  is  scrolled  on  the  screen. 


Snouia  the  screener  believe  that  ar.  area  contains  a  particularly 
lucrative  or  time  sensitive  target,  it  .may  be  designated  as  a  priority 
scene  which  will  cause  it  to  be  put  at  the  front  of  tne  detail  analyst 
queue.  In  addition,  designated  scenes  wnich  are  within  tne  boundaries  of 
a  tasked  area  will  be  automatically  placed  at  the  front  of  the  queue. 

Once  all  the  imagery  for  a  particular  mission  is  displayed,  the 
screener  will  reconfigure  tne  station  to  perform  detailed  analysis  and/or 
secondary  analysis. 

5.6.3. 2.2  Detail  Analyst  Puncticns.  Tne  major  function  of  the 
detail  analyst  is  to  interpret  radar  imagery  in  order  to  identify  targets 
of  tactical  significance.  The  detail  analyst's  major  tasks  are  image 
retrieval,  target  detection,  target  classification  and  identification, 
target  location,  and  report  generation. 

The  detail  analyst  will  retrieve  eac.n  frame  by  pressing  a 
specified  PSA.  These  frames  will  be  prioritized  according  to  a 
first-in/first-out  basis,  unless  assigned  a  higher  priority  by  the 
screener  or  the  system  for  tasking  area  targets.  The  imagery  in  each 
frame  will  oe  stationary  and  nay  be  displayed  at  a  resolution  higher  (10 
foot)  than  that  of  the  screening  station.  (21  foot)  . 


Once  the  imagery  is  retrieved  and  displayed,  the  detail  analyst 
will  select  from  two  types  of  interpretation  aids:  analytical  aids  anc 
collateral  information.  First,  the  following  analytical  aias  will  be 
available:  target  cues  (overlaid  on  mission  imagery) ,  previous  target 
reports,  flicker  cna.nge  detection,  intensity  controls,  and  mensuration 
capabilities. 

The  aetailer  will  also  refer  to  collateral  information  to  assist 
in  performing  the  interpretation  task.  Tr.ii'  wili  oe  done  by  issuing  a 
request  for  collateral  information  to  tno  L?  ccntrcl  computer  containing 
the  CIDB  mission  packet.  Tnis  computer  oat a  rase  will  be  searcneo  for 
all  data  within  the  boundaries  of  the  displayed  image  and  tne  text  data 
made  available  to  the  SRD  alphanumeric  display.  While  performing  the 
overall  interpretation  taSK,  the  analyst  may  also  monitor  the  situation 
display  containing  collateral  information  in  graphic  form. 

Tne  interpretation  process  will  result  in  a  determination  of 
change  (such  as  existence,  absence,  movement)  and  relevance  of  a  target. 
If  the  targets  contained  in  the  mission  imagery  are  recognized  as 
important,  the  detail  analyst  will  perform  classification  and 
identification  (if  possible)  of  targets.  However,  if  the  targets  are 
judged  as  unimportant  or  non-military,  the  analyst  will  retrieve  another 
frame  of  mission  imagery  for  interpretation. 

If  a  target  in  the  imagery  scene  is  recognized  as  important,  the 
detail  analyst  will  position  the  cursor  over  tne  target  and  press  a  PSA 
assigning  a  graphic  symbol  (triangle)  to  the  target. 


TO  determine  the  location  of  the  target  or  any  other  feature,  the 
uatail  analyst  may  press  a  specif ieo  PSA  ana  position  the  crosshair  on 
the  target,  to  compute  and  display  tne  target  coordinates  ( U7M ,  Lat/Long) 
m  order  to  inspect  them.  Target  coordinates  are  automatically  inserted 
into  the  report  format  when  tne  target  is  designated. 

Once  a  target  or  number  of  targets  in  the  selected  imagery  frame 
is  classified/identified  and  located,  tne  cetailer  will  generate  a  target 
report  according  to  a  predetermined  format.  The  aetailer  will  press  a 
key  and  the  report  skeleton  will  appear  wi ah  blanks  for  variaole  report 
information.  This  information  will  then,  be  typed  in  and  reviewed. 
Standard  phrases  are  available  on  the  PSA  and  most  reports  can  be 
composed  without  actually  typing. 

Once  the  report  is  composed,  tne  aetailer  transmits  it  through  the 
EMC  to  the  ABLE  users.  At  this  point,  the  aetailer  may  also  print  the 
image  on  a  hardcopy  printer  and/or  have  it  placed  on  an  archive  tape. 

The  report  will  be  reviewed  at  TIPI  prior  to  transmission  to  users.  Once 
a  target  report  is  transmitted,  the  aetailer  continues  to  interpret  the 
same  frame  of  mission  imagery  or  may  select  a  new  frame  of  mission 
imagery.  However,  once  all  mission  imagery  has  been  interpreted  (buffer 
empty) ,  the  BC  may  direct  the  detailer  to  conclude  the  mission  or  to 
prepare  for  another  SLAR  line. 


5. 6. 3. 2. 3  Exploitation  Controller  Functions.  Tne  magor  functions 
or  tne  exploitation  controller  are  to  supervise  the  activities  c: 
personnel  located  in  the  exploitation  subsystem..  To  accc~.pl isn  tnis 
overall  tas<,  tne  EC  has  a  voice  communication  system,  a  standard  display 
station,  and  a  large  situation  display.  Tnis  will  enable-  tne  31  to 
interact  via  phone  or  intercom  with  personnel  in  tne  ES,  tne  24.'  anc 
otr.er  ABLE  subsystems.  Tne  EC  can  view  mission  imagery  display*::  on  any 
screener  detail  analyst  screen  as  well  as  view  collateral  aipr.ar.umer  ic 
information.  During  a  mission,  tne  activities  of  tne  SC  can  ::e  or o -pec 
into  tas<mg  anc  monitoring.  Tnese  tasks  are  descr ibed  below. 

Tas-'.ing.  Tne  exploitation  controller  will  determine  tne  most 
efficient  division  of  labor  which  will  result  in  tne  effective  analysis 
and  interpretation  of  the  incoming  mission  imagery.  It  tne  workload 
warrants,  the  EXT  can  redesignate  assignments  and  reconfigure  tne  system 
to  support  the  new  screener  or  detail  analyst  mixture. 

Monitoring .  The  exploitation  controller  will  monitor  system 
operations  and  take  corrective  action  as  required.  Figure  5-11  lists 
typical  activities  monitored  and  potential  problems. 

5. 6. 3. 2. 4  Assistant  Exploitation  Controller.  Tne  Assistant  EC 
will  normally  function  as  a  screener /rietaiier  with  additional 
responsibilities  for  assisting  the  EC. 


5.6.4  Post-Mission 


Post-mission  activities  ir.  tne  ES  will  consist  of  completing 
detail  analysis,  logging  of  activities,  and  reporting  maintenance 
required.  Additionally,  tne  EC  cay  cnoose  to  re-exploit  so, me  of  tne 
imagery  from  tne  previous  mission  cy  replaying  tne  mission  imagery  from 
either  the  ACES  or  SAPPHIRE  (see  Figure  5-9,  .  In  cases  of 
re-excicitation,  the  process  is  tne  same  as  for  a  mission  except  that  tne 
imagery  source  is  storage  rather  than  on  aircraft. 
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